Introduction {#sec1-0300060515583078}
============

Brucellosis is a common zoonotic infectious disease in Turkey and the Middle East.^[@bibr1-0300060515583078]^ It is characterised by nocturnal fever, hepatosplenomegaly, arthritis and haematological symptoms including leukopenia, and can progress to multisystem organ failure and death (mainly due to sepsis).^[@bibr2-0300060515583078]^ Human brucellosis is endemic in our region of Turkey, due to consumption of a traditional herbal cheese prepared from unpasteurized fresh milk.^[@bibr1-0300060515583078]^

Acute pancreatitis is an infrequent but clinically significant consequence of acute brucellosis, but it is unclear whether such pancreatic injury is due to bacterial involvement or the host immune response.^[@bibr2-0300060515583078][@bibr3-0300060515583078][@bibr4-0300060515583078][@bibr5-0300060515583078]--[@bibr6-0300060515583078]^ Although inflammation is clearly implicated in brucellosis-related pancreatitis,^[@bibr4-0300060515583078]^ there is limited information regarding pancreatic involvement in brucellosis. The aim of the present study, therefore, was to determine the prevalence of and clinical parameters associated with acute pancreatitis in patients with brucellosis.

Patients and methods {#sec2-0300060515583078}
====================

Study population {#sec3-0300060515583078}
----------------

The study retrospectively enrolled adult patients (aged \> 17 years) with acute brucellosis attending the Hepatology Clinic, Yuzuncu Yil University, Van, Turkey, between April 2013 and November 2014. Patients with biliary pancreatitis or insufficient follow-up data were excluded from the study. Brucellosis was diagnosed by the presence of appropriate clinical signs and symptoms and at least one of: (i) positive standard tube agglutination test (STA) (titre ≥ 1/160); (ii) positive Coombs test (titre ≥ 1/160); (iii) isolation of *Brucella* organisms from cultures of blood, bone marrow, cerebrospinal fluid, other sterile sites, or tissue samples. Clinical and biochemical data were obtained from medical records.

Acute pancreatitis was diagnosed according to the revised Atlanta criteria,^[@bibr7-0300060515583078]^ and required at least two of: (i) abdominal pain (epigastric pain often radiating to the left flank and the back); (ii) serum amylase and lipase levels at least three times greater than the upper limit of normal; and (iii) characteristic findings on contrast enhanced computed tomography (CT), magnetic resonance imaging or transabdominal ultrasonography. Patients with biliary pancreatitis and with insufficient follow-up information were excluded from the study. All patients were treated with doxycycline 100 mg orally, twice daily, plus rifampin 600--900 mg (15 mg/kg) orally once daily for ≥40 days.All participants provided written informed consent for their data to be included in the study. Ethics committee approval was not required due to the retrospective nature of the study.

Statistical analyses {#sec4-0300060515583078}
--------------------

Data were presented as mean ± SD or *n* of patients (%); and between-group comparisons were made using Fisher's exact test. Statistical analyses were performed using SAS® software, version 9.1 (SAS Institute, Cary, NC, USA). *P*-values \< 0.05 were considered statistically significant.

Results {#sec5-0300060515583078}
=======

The study included 347 patients with acute brucellosis (184 male/163 female; mean age 33.6years; age range 17--99 years), of whom 253 (73%) were from rural areas. A total of 21 patients (6.1%) were diagnosed with acute pancreatitis (nine male/12 female; mean age 45.3 ± 15.6 years; age range 21--75 years). Necrotising pancreatitis was diagnosed in two patients (0.6%), who underwent surgical necrosectomy of the pancreas in addition to receiving antibiotic therapy. There were no deaths attributed to brucellosis or pancreatitis during the study period.

Data regarding demographic and clinical characteristics of patients with or without pancreatitis are shown in [Table 1](#table1-0300060515583078){ref-type="table"}. Patients with pancreatitis were significantly older, had significantly higher Wright STA titres, alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP), γ-glutamyl transpeptidase (GGT), amylase, lipase and serum glucose concentrations, and significantly lower haemoglobin concentration and haematocrit than patients without pancreatitis (*P \< *0.05 for all comparisons; [Table 1](#table1-0300060515583078){ref-type="table"}). The presence of pancreatitis was not associated with platelet or leukocyte counts, or lactate dehydrogenase (LDH) concentration. Table 1.Clinical characteristics of patients with acute brucellosis included in a study to determine the prevalence of acute pancreatitis (*n* = 347).ParameterPatients without pancreatitis *n* = 326Patients with pancreatitis *n* = 21Statistical significance^[a](#table-fn3-0300060515583078){ref-type="table-fn"}^Sex, male/female175/151 (53.7/46.3)9/12 (42.9/57.1)NSAge, years32.9 ± 10.845.3 ± 15.6*P = *0.007*Brucella* antigen, Wright STA titre335.2 ± 323.6541.3 ± 447.8*P = *0.039Haemoglobin, g/dl13.2 ± 2.0 (*n* = 315)11.5 ± 2.4*P = *0.001Haematocrit, %39.5 ± 6.2 (*n* = 314)34.5 ± 6.9*P = *0.001Platelets, × 10^3^/µl260.0 ± 118.6 (*n* = 314)261.6 ± 156.6NSLeukocytes, × 10^3^/µl7.4 ± 3.1 (*n* = 314)7.5 ± 3.2NSALT, U/l51.4 ± 145.1 (*n* = 316)447.0 ± 843.7*P = *0.001AST, U/l75.5 ± 336.6 (*n* = 305)510.6 ± 1243.3*P = *0.001ALP, U/l277.7 ± 256.2 (*n* = 199)411.4 ± 426.4*P = *0.036GGT, U/l70.0 ± 105.3 (*n* = 157)153.3 ± 208.5 (*n* = 20)*P = *0.004Amylase, U/l75.0 ± 27.8 (*n* = 178)1778.7 ± 2255.7 (*n* = 20)*P = *0.001Lipase, U/l57.7 ± 81.8 (*n* = 44)1201.3 ± 1261.2 (*n* = 19)*P = *0.001Glucose, mg/dl97.4 ± 31.8 (*n* = 204)191.2 ± 71.1*P = *0.001LDH, U/l305.2 ± 108.5 (*n* = 6)528.2 ± 374.8 (*n* = 18)NSHepatic granuloma9/746/21*P = *0.009[^1][^2][^3]

Abdominal CT revealed the presence of hepatic granuloma in 15/95 patients (15.8%), Patients with pancreatitis were significantly more likely to have hepatic granuloma than those without (*P* = 0.009).

Discussion {#sec6-0300060515583078}
==========

Bacterial, viral and parasitic infections can cause acute pancreatitis,^[@bibr8-0300060515583078],[@bibr9-0300060515583078]^ and the pancreas interacts with (and responds to) pathogens in several ways, including activation of dendritic cells, macropaghes, fibroblasts and T cells.^[@bibr10-0300060515583078]^ The rate of acute pancreatitis among patients with brucellosis was 6.1% in the present study. Of these, two patients (0.6%) had necrotising pancreatitis. It appears that acute brucellosis is associated with increased risk of oedematous pancreatitis in this patient population.

The hepatobiliary system is often involved in acute brucellosis. Hepatitis is the most common liver disorder,^[@bibr11-0300060515583078]^ and elevated liver transaminase levels may be seen at initial presentation.^[@bibr11-0300060515583078]^ Liver abscess, jaundice and granuloma are occasionally present, as well as cholecystitis and hepatosplenomegaly.^[@bibr11-0300060515583078][@bibr12-0300060515583078][@bibr13-0300060515583078]--[@bibr14-0300060515583078]^ The effects of brucellosis on the pancreas were first reported in 1989,^[@bibr15-0300060515583078]^ but there have been few case reports of brucellosis-related pancreatitis,^[@bibr15-0300060515583078][@bibr16-0300060515583078]--[@bibr17-0300060515583078]^ and, to the best of our knowledge, no data regarding the incidence of pancreatitis in patients with brucellosis.

The natural history of acute brucellosis-related pancreatitis is poorly understood, and it is important to determine which patients are at greatest risk of progression to pancreatitis. Acute pancreatitis was associated with elevated serum Wright agglutination titres in the present study. Cholestasis enzymes are biomarkers for cholestatic disease, and elevated ALP and GGT are associated with acute pancreatitis.^[@bibr18-0300060515583078]^ A study performed in Turkey detected cholestasis in 66.1% of patients with brucellosis.^[@bibr11-0300060515583078]^

Hyperglycaemia, anaemia, elevated liver transaminase and cholestatic enzyme concentrations were associated with acute pancreatitis in patients with brucellosis in the present study and may be useful in the diagnosis of *Brucella*-related acute pancreatitis. On the other hand, LDH concentrations, leukocyte and platelet counts were similar in patients with and without pancreatitis. An elevated leukocyte count is a predictor of severe pancreatitis, but brucellosis is known to be associated with bone marrow cytophagocytosis.^[@bibr19-0300060515583078]^ This suggests that the leukocyte count should not be used as a marker of severity in brucellosis-related pancreatitis.

Hepatic granuloma is associated with brucellosis,^[@bibr20-0300060515583078]^ and the rate of hepatic granuloma was 15.8% in the present study, occurring significantly more frequently in patients with pancreatitis compared with those with brucellosis alone. Hepatic granuloma (as a sign of severe brucellosis) may predict acute pancreatitis in these patients.

The present study is limited by its retrospective nature, which meant that it was not possible to examine patients for the effect of treatment on prognosis.

In conclusion, hyperglycaemia, anaemia, and liver transaminase and cholestatic enzyme concentrations may represent new approaches for assessing disease severity in patients with brucellosis and acute pancreatitis. Further studies of acute brucellosis would lead to a better understanding of the development of acute pancreatitis.
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[^1]: Data presented as *n* patients (%) or mean ± SD.

[^2]: NS, not statistically significant (*P ≥ *0.05; Fisher's exact test); ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALP, alkaline phosphatase; GGT, γ-glutamyl transpeptidase; LDH, lactate dehydrogenase.

[^3]: Fisher's exact test.
